Abstract. To explore how to prevent and control rock burst of mining under the overlying magmatic rock, the 1061 working face in 106 mining area in some mine is taken as engineering background. The mining area is overlaid by three thick hard layers of magmatic rock, which lead to rock burst phenomenon. After the mining of the working face, strong pressure appeared in the stope. To guarantee safety production, this paper calculated the limit collapse distance and fracture span of magmatic rock, determined the fracture mechanism of the overlying magmatic rock, and used numerical simulation to verify the theoretical results, then propose reasonable feasible suggestions and methods for the mining of the working face, and provided significant guidance to govern rock burst of the mining area.
Mechanical Analysis of Magmatic Rock's Fracture
The data of the boreholes show that there are three layers of thick hard magmatic rock above 10 coal seam, there are two layers of magmatic rock in local district, and the change of the thickness of magmatic rock and the space between the coal seam is relatively big. According to the mechanical parameters test of borehole R414, the average tensile strength is 6.25 MPa, the displacement angle of strata is 75°. Gain the value of the thickness and space between the three layers of magmatic rock, as shown in Table 1 . Table 1 Data based on the boreholes Fracture Span of Magmatic Rock. The fracture span of magmatic rock includes two parts along the dip and strike of working face, the first step is to calculate the limit collapse distance of magmatic rock, and the second is first fracture span and periodic fracture span of magmatic rock [1] [2] [3] [4] . Magmatic rock will gradually bend and subside with the working face mined, resulting in pressure abnormally appearing in working face.When the large area of hanging magmatic rock reaches its limit collapse distance, the fracture occurs, which will cause rock burst that threatens the safety of coal mine production. The overlying rock of the 106 mining area includes three layers of magmatic rock. After the mining of the coal seam, the lower part of magmatic rock subsides, it can be regarded as an ends-fixed beam. When the large area of hanging magmatic rock attains its limit collapse distance, it will fracture, and the limit collapse distance L m can be determined by Eq. 1:
where L m is the limit collapse distance of the working face, l m is the limit collapse distance of magmatic rock, H is the thickness of magmatic rock, ∑H is the distance between coal seam and magmatic rock, R T is the uniaxial tensile strength of magmatic rock, β is the displacement angle of strata, q is the unit load loaded on the magmatic rock.
According to the comprehensive histogram of 106 mining area, the average thickness of the first layer of magmatic rock is 46 m, 181 m away from 10 coal.The average thickness of the second layer of magmatic rock is 38 m, 295 m away from 10 coal. The average distance between the two magmatic rock is 68 m.The length of the open-off cut of 1061 working face and roadways on both sides is 189 m, the length of working face strike is about 753.3 m. So the ratio between the thickness of the first layer of magmatic rock and the length of working face is about 1:16, and the second layer is about 1:20, so the magmatic rock can be viewed as a thin plate. According to the thin plate theory, it can calculate that how long the working face advances will the magmatic rock roof fracture [5] [6] [7] [8] . Owing to the high intensity of magmatic rock, and the working face length is longer, so the thin plate theory can calculate and analyze magmatic rock movement. According to the theory of thin plate, the fracture span calculation equation is: where a is the fracture span of magmatic rock, b is the span of the magmatic rock along the working face dip direction, σ t is the rock tensile strength, k is the coefficient of rock crack, and k = 0.75, m is the thickness of bracket layer of the strata, γ is the unit weight of rock which is 2.5×10 4 N/m 3 , α is the dip angle which is 8 °.
The displacement angle of strata between 10 coal and the magmatic rock is 75 °, a and b are shown in Fig. 1 . And in Fig. 1 (a) , 2cot
，L QX is the width of 1061 working face. When the uniaxial tensile strength of magmatic rock, the thickness of the magmatic rock, the total thickness of the strata and the span of the magmatic rock along the working face dip direction are known, the fracture span of magmatic rock can be calculated by Eq. 2.
After the mining of 1061 working face, the lower part of magmatic rock subsides, the advancing distance of the working face can be calculated by: 2cot
Analysis of the Fracture of Magmatic Rock. According to the data in Table 1 and Eq. 1, the result
The total length of the open-off cut and the roadways on both sides is 189 m, therefore, according to the calculation result, when the working face advance to certain distance, the magmatic rock will cave.
Then calculate the advancing length of the working face. Through Eq. 2 and Eq. 3, when the magmatic rock fractures, the advancing length of the working face is: 2cot
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L=aH β + ∑ = 226 m. So the first layer of magmatic rock is expected to fracture when the face advances about 226 m. According to the data in Table 1 and Eq. 1, the result is:
The total length of the open-off cut and the roadways on both sides is 189 m, so in the process of mining, the second and third layer of magmatic rock fracture will not occur.
Magmatic Periodic Fracture Span Estimation. Magmatic periodic fracture span can be determined by the following equation, use the average of the calculation of the adjacent periodic fracture span C i and C i + 1 as the periodic fracture span [9] [10] [11] [12] . According to the calculation, the first layer of magmatic rock will fracture in the process of mining, according to the fracture distance and the correlation coefficient, magmatic rock periodic fracture span is calculated as shown in Table 2 . The advancing distance of the working face can be calculated by Eq. 4. The results are shown in Table 3 . Table 3 Working face advancing distance when the first layer of magmatic rock periodically fractures Therefore, the working face advancing distance when the first layer of magmatic rock periodically fractures is about 96.1 m.
Numerical Simulation
We use numerical simulation software UDEC2D to analyze the situation of coal seam mining under thick hard magmatic rock. The model size is 700 m long and 350 m high. Model boundary conditions of the specific definition is as follow:
The left and right boundaries are horizontal displacement constrained boundaries, namely the velocity and displacement vector in the x direction are 0. The upper boundary is free boundary. The lower boundary of the model is all-constrained boundary, namely the velocity and displacement vector in the x direction and y direction are both 0.
Set up the numerical model based on the actual embedded depth of coal seam and rock strata distribution. To avoid the influence of boundary effect on the model, reserve 75 m coal pillars on both sides of the model, namely the working face advances 550 m. The model adopts Mohr-Coulomb criterion to calculate. The rock mechanical parameters are shown in Table 4 . Fig. 2 Changes of plastic zones of magmatic rock in the process of mining The plastic zone distribution in the process of rock stability after the mining of 1061 working face is shown in Fig. 2 . Through the figure, we can see that a large tensile failure area is formed above mined-out area, of the and shear and bulk failure zones are formed on both sides. The plastic zone recovers to the elastic state with the gradual stability of the rock strata. And the plastic zone of the overlying magmatic rock develops rapidly due to the expansion of the range of abscission layer and dislocation.
When the face advances 190 m, larger tensile failure occurs inside the magmatic rock, and the range has been close to half the thickness of the magmatic rock, but due to the large thickness and great strength of magmatic rocks, the magmatic rock basically remains stable. When the face advances 220 m, apparent tensile failure occurs inside and at the bottom of the magmatic rock, and relatively long strip tensile failure appears throughout the magmatic rock where the range of abscission layer is big, namely the magmatic rock has fractured by the moment. The plastic zones in magmatic rock increase with the working face advancing, which shows that magmatic rock occur gradually fractures, which is very close to the theoretical calculation result 226 m. Synthesizing theoretical analysis and numerical simulation, the fracture length of the magmatic rock is about 220 m.
Conclusions
Based on the geological conditions of the working face, we can obtain following conclusions: (1) After the mining of 1061 working face, the mining width will reach 189 m, then the first layer of magmatic rock may fracture. The limit collapse distance of the first layer of magmatic rock is about 186 m, with the advancing distance of 226 m. At this moment, the workers should strengthen the monitoring and take timely measures to prevent the rock burst disaster. The working face advancing distance when the first layer of magmatic rock periodically fractures is about 96.1 m.
(2) After the mining of 1061 working face, the width of the mined-out area is less than the limit collapse distance of the second and third layer of magmatic rock, so they will not fracture during the period of mining, but may fracture during the period of mining the latter working face.
(3) Based on theoretical analysis and numerical simulation, the fracture distance of the magmatic rock is about 220 m.
